The parasite is widespread in the tropical and subtropical areas of the world such as Asia, Africa, Middle East, Central and South America causing great economic losses due to reduced traction power and death of thousands of affected animals annually [8, 9] . Isometamidium chloride (Samorin®, May and Baker, Nigeria; Securidium®, Laprovet, France) belongs to the same chemical group as homidium [10] , the group of the phenanthridine aromatic amidine compounds. It is a dark red powder, producing a brownish red solution in water for injection as 1% or 2% concentration. It is an antitrypanosomal drug with curative and prophylactic actions, registered for use principally in cattle, sheep, goat, camel, horse and dog with efficacies against Trypanosoma congolense, Trypanosoma vivax, Trypanosoma brucei and Trypanosoma evansi at the standard dose rates of 0.25-0.5mg/kg body weight, intramuscularly to achieve cure and a sanative dose of 1mg/kg body weight, intramuscularly for prophylaxis [11] . Local tissue reaction occurs in cattle and diminazene is recommended as the sanitive pair for treatment of relapse from isometamidium chloride therapy [12] . The reported protection duration of isometamidium is as long as 5 months and has been used in many parts of the world in the treatment of trypanosomosis in animals as cited by Delespaux and De Koning and Karaye [13] [14] [15] .
The aim of this study was to determine the gross and histopathological alterations in donkeys experimentally infected with Trypanosoma evansi and the effect of Isometamidium chloride treatment. In this experiment, donkeys experimentally infected with Trypanosoma evansi were evaluated for parasitaemia Levels (using HCT and mice inoculation test) post-infection and reevaluated post -treatment. At postmortem, the thoracic and abdominal cavities, liver, kidney, spleen, heart and skeletal muscle, brain, testes and ovary of experimental donkeys were examined for gross lesions. Processed tissue sections were microscopically examined for histopathological alterations.
Materials and Methods

Experimental animals
Apparently healthy donkeys (N = 18), comprising of 9 males and 9 females were used for this experiment. At point of purchase in International Livestock Market, Maigatari, Jigawa State, Nigeria, the ages of the donkeys were estimated to be 11 to 15 months using features of incisor teeth, body condition scores ranged from 4 to 6 (Medium; balanced body frame and body cover) using the nine point scale system described by Pearson and Ouassat [16] [17] [18] . Pre-infection, body weight range of the donkeys was 62.0 kg to 69.8 kg as determined using sling scale between the hours of 06.00 am and 08.00 am to minimize the influences of gut-fill and hydration on body weight value [19, 20] .
Four (4) healthy and haemoparasites-free, adult albino Wistar rats, with body weight range of 200g-220g were used for the propagation of T. evansi to obtain sufficient inoculum for experimental infection of donkeys.
Healthy, haemoparasites-free, adult Wistar mice with body weight range of 14g-16g were used in Mice inoculation tests (MIT) conducted for the experimental donkeys. The MIT was used as support test for Haematocrit Centrifugation Test in the evaluation of the donkeys' haemoparasites-free status (pre-infection), parasitaemia monitoring (post-infection and post-treatment) using two mice per donkey in each test as recommended by OIE [21] . The rats and mice were sourced from Animal Laboratory, Faculty of Pharmaceutical Sciences, Ahmadu Bello University, Zaria, Nigeria.
Management and pre-infection evaluation of experimental animals
Housing and acclimatization: The experimental animals were examined for signs of disease and external parasites infestations. Topical sweat-resistant fly-repellant spray (Endure®, Farnam co. inc., USA) was applied on the animals to keep flies away as they were moved into prepared, compartmentalized, fly-proof experimental animal pen. Wood shaving was used as bedding material on the floor of the pen to prevent damp. Faecal droppings were mucked three times daily and the bedding was changed as soon as the old one was becoming damp. The experimental animals were acclimatized for 14 days [22] .
Identification and grouping of animals: Aluminum plate neck-tags (about 5g each) with engraved serial numbers were assigned to the donkeys at random for identification. A sample frame of each gender was prepared and six (6) animals (3 males and 3 females) were assigned to each of groups A 1 , A 2 and B at random [23] .
The rats (for parasite propagation) and mice (for animal inoculation tests) were caged separately. The mice were accommodated in cages according to the group of donkeys whose blood was used to sub-inoculate them during mice inoculation test. Permanent marker pen was further used to apply marks on one particular body part of every set of two mice that represented a particular donkey in a group. Therefore, every set of two mice had their marks on the same body part reflecting the donkey whose blood was used to inoculate them.
Feeding of experimental animals:
Feed was provided daily equivalent to 5% of the mean body weight of the donkeys. It comprised of 4 parts of mixed sorghum/maize stovers and Rhodes grass, and 1 part of groundnuts hay (4: 1 ratio). Concentrate feed consisted of a mixture of crushed sorghum grain (500g), dried groundnut cake (130g) and maize/wheat bran (2.5kg) per 200-300kg bd wt of donkeys recommended by Aganga., et al. [24] . Salt lick blocks, rich in dicalcium phosphate and clean drinking water were provided ad-libitum. Journal of Veterinary Science & Animal Husbandry
The albino rats and Wister mice were maintained in separate, labeled cages and were provided with commercially obtained pelletised feed in feeders and clean drinking water in sipper tubes ad libitum.
Pre-infection evaluation:
As part of procedures to further determine and ensure the well-being of the experimental animals before they were infected with T. evansi, about 5g of faecal sample was collected from the rectum of each animal into labeled polyethylene bag and examined for gastro-intestinal parasites using floatation and sedimentation methods as reported by Charles [25] . The animals were dewormed using fenbendazole bolus (Fenacure®, Ashish Life Sciences PVT ltd, India) at the dose rate of 10mg/kg bd wt orally, once [12] . Three days after the deworming, another set of faecal samples were collected and examined to ensure that animals were free from worms. Four (4) mL of blood was collected from each donkey through the jugular vein using 5mL syringe and 18G needle and examined as follows: Three milliliters of the collected blood sample was anticoagulated in sample bottle containing tripotassium salt of ethylene diamine tetra-acetate (EDTA+K 3 ) 1mg/mL of whole blood while the balance of 1 mL blood was anticoagulated in sodium heparin-coated 1 mL sterile disposable syringe [26] . From each of the EDTA -anticoagulated blood sample, 2 preparations of Wet Blood Film, HCT and Giemsa Stained thin blood smear were made and examined immediately for haemoparasites infections. Pre-infection PCV was also evaluated from the prepared HCT tube [27] . An average of 20 microscope fields of each stained thin blood smear slides were examined for haemoparasites [26] . As a support test for direct examinations of the donkeys' blood for parasites, Animal Inoculation Test (AIT) was performed using the 1 mL heparinised blood sample from each donkey. Two mice were used to test the blood of each experimental donkey as recommended by OIE [21] with each mice receiving 0.5 mL of the heparinised blood through intra-peritoneal inoculation using 1 mL sterile disposable syringe with 29GX ½ inch needle [22] . The inoculated mice were monitored for haemoparasites on HCT and Wet Film using their tail-tip-blood, examined at 48 hours intervals for 14 days [28] before the donkeys were experimentally infected with T. evansi. An average of 20 microscope fields of each prepared slide was examined each time. While next stages of the experiment continued, the mice remained under observation to day 60 post-inoculation.
Propagation of Trypanosoma evansi:
Trypanosoma evansi originally isolated from camel in Sokoto (Sokoto isolate) and maintained in Wistar rats in the Department of Veterinary Parasitology and Entomology, Ahmadu Bello University, Zaria, was used in this experiment.
One milliliter of parasitaemic blood collected via ocular vein from an infected Wistar rat was heparinised and diluted with 1mL phosphate buffered saline glucose solution to obtain 2 mL of inoculum. About 0.5 mL of the prepared parasitaemic inoculum was injected into each of a set of 4 donor rats, intra-peritoneally using sterile 1 mL disposable syringe, 25G X 1½ inch needle [28, 22] to increase parasites yield.
Subsequently, the donor rats were monitored for parasitaemia levels at 48 hours intervals using HCT. On day 12 post-inoculation, the 4 rats had attained between +2 to +4 parasitaemia levels. The donor rats were then bled into a sterile conical flask and the pooled parasitaemic blood was anti-coagulated with heparin sodium (20 Units/mL of blood). The blood was diluted with phosphate buffered saline glucose solution to obtain an inoculum containing about 1.0 x10 6 T. evansi /mL of blood [28] .
Experimental infection of animals:
Two mL of the prepared inoculum containing about 2.0x10 6 viable T. evansi was immediately injected into each of the experimental donkeys in groups A 1 and A 2 through the jugular vein and the day was considered as day 0 of infection. Group B animals remained as Un-infected control.
Post-infection parasitaemia evaluation:
The infected donkeys were subsequently monitored for parasitaemia levels post-infection (PI) from ear vein blood collected and examined on HCT and Giemsa-stained thin blood smears [19, 21] . Levels of parasitemia were scored using +1, +2, +3 and +4 representing 1 -5, 6 -10, 11 -20 and >20 parasites per microscopic field respectively [29] . From day 1 to day 7 PI, animals were evaluated for parasitaemia levels once daily. Further evaluation from day 8 to day 28 PI, was performed twice weekly.
Treatment of infected animals:
On day 28 PI, all infected animals (groups A 1 and A 2 ) had attained +4 parasitaemia level on HCT examination. Immediately, the animals in group A2 were treated with isometamidium chloride (Securidium®, Laprovet, France) 1% solution at the dose rate of 0.5mg/kg body weight using deep intramuscular route once. Group A 1 was maintained as infected but untreated while the group B animals were un-infected, untreated (Control). Treatment day was considered as day 0 of treatment.
Gross pathological evaluation:
Two infected animals died from group A 1 , first on days 11 and another one on day 28 PI. The carcasses were examined at post-mortem while still fresh for gross lesions resulting from T. evansi infection especially the lesions in the thoracic and peritoneal cavities, liver, kidney, spleen, heart and gluteal muscle, brain, testes and ovary. At termination of experiment on day 176 PI, one animal was picked at random from each of the 3 groups, the animals were exsanguinated and examined at post-mortem as reported by Wolfensohn and Lloyd [22] . The observations were compared to determine the effects of treatments, non-treatment with normal organs of the control animal.
Histopathological evaluation: Tissue samples were collected from the liver, kidney, spleen, heart, gluteal muscles, brain, testes and ovaries during post-mortem examinations. The samples were fixed in 10% formaldehyde except brain, testes and ovary samples which were fixed in Bouin's solution. All samples were stored in labeled plastic sample bottles until processed. At processing, The coloured images of organs and tissue sections revealing histopathological lesions were captured using digital camera (Model ES30, Samsung, U.K.)
Means of parasitaemia levels (post-infection and post-treatment) for various experimental groups were determined using System Analytical Statistics (SAS) corporation -2010. The means of parasitaemia levels are presented on graphs using Microsoft Excel 2010 to illustrate the trend in levels changes. The severities of gross and histopathological findings from organs were scored as Mild (+), Moderate (++), Severe (+++) lesion. Insignificant gross or histopathological findings were scored as negative (-) and presented in tables.
Data Analysis the tissues were embedded in paraffin wax, cut at 5µ thickness, mounted on microscope slides and stained with haematoxylineosin (H-E) as described by Drury and Wallington [30] . The prepared sections were examined under light microscope (Zeiss Microscope®, Olympus Optical Co. ltd, Japan) using x200 and x400 objectives for histopathological changes.
Results
Findings from pre-infection evaluation of experimental animals
The first pre-infection examination of faecal samples of the animals showed: Strongyle eggs load of +1 in 6/24 (25%) and +2 in 4/24 (16.7%). Examination result for faecal samples collected after deworming was negative for gastro-intestinal parasites. Blood samples examined were also negative for haemoparasites (including Trypanosoma species). Observed packed cell volume was 35% -46%, normal range is 32%-48% as reported by Wosu (2002).
Post-infection mean levels of parasitaemia in groups of donkeys
Both groups A 1 and A 2 animals infected with T. evansi showed parasitaemia for the first time on day 3 post-infection (PI). Peaks of mean parasitaemia counts were observed on day 7 (A 1 =13 parasites per microscope field, A 2 = 10/ field) and day 18 (A 1 = 20/ field, A 2 = 19/field). Interval between peaks of parasitaemia was 11 days. Observed increases in mean parasitaemia levels between first peak on day 7 and second peak on day 18 PI were; group A 1 =7/13 (53.8%) and A 2 = 9/10(90%). During a third rising waves of parasitaemia (not yet at peak) on day 28 PI (mean parasitaemia in A 1 =10/field and A 2 =16/field), group A 2 animals were treated with isometamidium. The treatment day (day 28 PI) was considered day 0 of treatment (arrowed on X-axis of Figure1). 
Post-treatment mean levels of parasitaemia in groups of donkeys
Group A 1 (Infected-untreated): The infected-untreated group A 1 animals, maintained an undulating wave of parasitaemia which gradually declined in values from 12/field on day 5 to 2/field on day 58 PI (decline=10/12; 83.3%) over 53 days period, until the group was aparasitaemic on on day 100 PI (equivalent to day 72 PT; Figure 2 ) using direct HCT examination. However, when blood samples from the donkeys were subjected to mice inoculation test (MIT) on day 110 PI and the mice were monitored for parasitaemia, positive parasitaemias of +3 and +4/fields were observed in the mice using HCT. By day 15 post-inoculation, all of the inoculated mice had died of the infection. This means that latent infection existed in the donkeys as at day 100 PI which was not detected by direct examination of the donkeys' blood using HCT. Journal of Veterinary Science & Animal Husbandry Group A 2 (Infected, Isometamidium-treated): The T. evansi-infected, isometamidium chloride-treated group of animals showed sharp drop in mean parasitaemia on direct HCT test from approximately 16/field on day 28 PI (Figure 1 ) that is day 0 PT ( Figure  2 ) to about 2/field on day 2 PT giving a decline from 16 to 2, that is 14/16 (87.5%) within 2 days PT. Parasitaemia was zero on direct HCT on day 11 PT. Mice inoculation tests (MIT) on days 21 and 50 were negative but showed positive result on day 100 PT in 6/10 (60%) of mice used representing 3/5 (60%) of donkeys in the group. The MIT showed that there was no detectable parasitaemia within 50 days PT but on day 100 PT, latent parasitaemia status was detected in 3/5 (60%) of the donkeys treated with isometamidium. The inoculated mice showed only 1 parasite (1+) per microscope field both on Wet Film and HCT during 48 days period of post-inoculation observation of the mice. The remaining 4 mice (representing 2 donkeys in the group) were negative both on WF and HCT for the same period of observation. 
Gross lesions in donkeys experimentally infected with Trypanosoma evansi
Group A 1 (Infected-untreated): In the early stage (first 28 days post-infection; PI), the gross lesion observed in the carcasses of infected but untreated animals at postmortem were limited to the lungs and comprised of severe frothy exudates in the trachea and bronchi as well as congestion of lungs. In the later stage (chronic, day 176 PI), the severity of frothy exudates and congestion in lungs reduced to the mild form but in addition, moderate forms of gray hepatisation, hydrothorax, hydroperitoneum, serous atrophies of fat (mesenteric, renal and coronary fats) were present. Mild adherence of renal capsule to the renal cortex was also observed chronically. (Table. 1, Plates Ib & IIb).
Group A 2 (Infected, isometamidium-treated):
The animals treated with Isometamidium chloride, in the later (chronic stage, day 148 PT) only manifested mild forms of frothy exudates in trachea and bronchi as well as lungs congestion as prominent gross lesions. All other gross lesions observed chronically in the untreated group were not significant in the organs of Isometamidiumtreated animals ( 
Histopathological lesions observed in the Trypanosoma evansi-infected donkeys
Histopathological examination of tissue sections revealed significant lesions only in the lungs, spleen and liver of infected animals from the postmortem performed on day 176 post-infection; equivalent to day 148 post-treatment. Only plates that show significant lesions (for infected groups) are presented in this study ( Table 2) . (Table 2 , Plate IIa), Splenic haemosiderosis and depletion of lymphocytes at germinal centres (Table 2 , Plate IVb) and liver congestion ( Table 2 , Plate Vb). The liver sections also showed moderate levels of focal areas of hepatic necrosis and mononuclear cellular infilteration ( Table 2 , Plate Vb).
Severity of lesions in experimental group of donkeys
Group A 2 (Infected, isometamidium-treated):
The animals treated with Isometamidium chloride, showed moderate levels of mononuclear cellular infiltrations in lungs ( Plate II: Heart of donkeys. Intact coronary fat (arrowed) from an Uninfected-untreated (control) donkey at termination of experiment (a) and serous atrophy of coronary fat (arrowed) in T. evansi-infected, untreated donkey on day 176 post-infection (b)
Plate III: Histopathological sections of lungs of donkeys. Normal section of an uninfected-untreated (control) donkey (a), congestion (arrowed) and mononuclear cellular infiltration (arrow heads) in T. evansi-infected but untreated donkey as at day 176 PI (b) and mononuclear cellular infiltrations (arrow heads) around terminal bronchiole (TBL) in T. evansi-infected but isometamidium-treated donkey as at day148 PI (c).
Haematoxylin-Eosin (H-E) stain x200
Plate. IV: Histopathological section of spleen of donkeys. Normal spleen section of Uninfected-untreated (control) donkey (H-E, x400) (a), haemosiderosis (arrowed) and lymphocytes depletion at germinal centres (LD) in T. evansi-infected but untreated donkey as at day 176 PI (H-E, x200) (b) and haemosiderosis (arrowed) and lymphocytes depletion at germinal centres (LD) in T. evansi-infected but isometamidium-treated donkey as at day 148 post-treatment (H-E, x400) (c) Plate V: Histopathological sections of the liver of donkeys. Normal liver section of Uninfected, untreated (control) donkey (a), and congestion (CG), focal necrosis (arrowed) and mononuclear cellular infiltration (MNC) in T. evansi-infected-untreated donkey as at day 148 post-treatment (b). H-E, x400
Discussion
In this study, the pre-patent period (PPP) of experimental T. evansi infection in donkeys was 3 days. This finding is earlier by a day than the 4 to 13 days reported earlier for most domestic animals by Ramirez et al. [31] . This means that the donkeys in this experiment are either more susceptible or the T. evansi isolate is more virulent than reported from earlier study. The 100% morbidity showed that T. evansi (Sokoto isolate) originally isolated from naturally infected camel, is pathogenic to donkeys. In related studies, strains of T. evansi have been reported to be pathogenic to donkeys in other parts of the world [32, 33] . The low acute mortality rate in infected animals, chronic latent parasitaemia and parasites relapse in infected-untreated animals, survival of infected animals beyond the day of termination of experiment suggest that the course of surra in donkeys is predominantly chronic. This finding in Nigeria, agrees with earlier reports from other parts of the world that surra in donkeys is mainly chronic by Faye et al. [34] and Desquesnes et al. [33] .
The parasitaemia levels in peripheral blood of infected animals fluctuated in early stage of infection and disappeared in chronic stage. This trend of parasitaemia pattern in the donkeys, suggests trypanosomes ability to reside intermittently in intra-or extravascular fluids of the donkeys as reported by Sudarto et al. thereby lowering parasitaemia in peripheral blood which made microscopic detection in later stage of infection difficult [35] [36] [37] . Trypanosomes also switch their surface glycoprotein to evade host immune responses resulting in relapses of parasitaemia and remittent clinical signs as reported by Hutchinson et al. [38] . The latent parasitaemia status detected chronically in the Infected-untreated group using mice inoculation test (MIT), and the death (due to high parasitaemia) of all mice used suggest that infected-untreated donkeys, assume chronic clinical or subclinical carriers status with low level but virulent and pathogenic T. evansi [21] . Mice inoculation test is reported to be 50 to 74% more sensitive than direct microscopic methods (e.g HCT) and it detects latent parasitaemia which explains the ability of MIT to detect latent parasitaemia in the present study [39] . The isometamidium-treated group showed negative parasitaemia status in the first 50 days post-treatment (PT) but later 60% of treated animals relapsed on MIT on day100 with no death of inoculated mice recorded. It can be said that isometamidium chloride did not completely remove T. evansi infection from the treated donkeys but the remaining parasites were rendered non-pathogenic and avirulent. This finding might be due to resistance of T. evansi via switching of its surface glycoprotein coat despite the reported ability of isometamidium to cleavage trypanosomes kinetoplast Deoxyribonucleic acid-topoisomerase (kDNA-topoisomerase) complexes [38, 40] and causing disintegration of minicircle network within the T. evansi kinetoplast via mechanisms that are independent of kDNA to cause parasite death [41] .
The gross pathological lesions observed in the infected-untreated group of animals were limited to the lungs in acute stage and comprised of only severe forms of frothy exudates in trachea and bronchi as well as lungs congestion. This finding agrees with earlier report by Cadioli et al. that donkeys may not show gross lesions in the acute stage of T. evansi infection [42] . The reduction in severity of lungs lesion to the mild form in later stage, as well as the emergence of moderate forms of hydrothorax, hydroperitoneum and adherence of renal capsule to the renal cortex suggests reduction in parasitaemia level but the increased number of gross lesions in the chronic stage points to the fact that the disease in donkeys, predominantly runs a chronic course [21, 42] .
The infected-isometamidium-treated animals did not show persistence of the lungs lesion however, there was emergence of moderate forms of gray hepatisation, hydrothorax and hydroperitoneum while adherence of renal capsule to the cortex was only mild, suggesting clearance or decreased parasitaemia. This might have been made possible because isometamidium chloride is a standard trypanocide reported to cure infection [12] . Journal of Veterinary Science & Animal Husbandry
The histopathological findings in T. evansi-infected, untreated group of animals at termination of this experiment on day 176 PI (chronically) were severe forms of lung congestion and mononuclear cellular infiltration due to vascular stasis in lungs and liver, splenic haemosiderosis due to deposits of free iron from severe intravascular hemolysis, RBC sequestration in the red pulp area as reported by Bal et al. and cells lysis by T. evansi lymphotoxins also contribute to iron deposits in tissues [43, 44] . Depletion of lymphocytes at germinal centres, severe hepatic congestion, the moderate forms of hepatic focal areas of necrosis and mononuclear cellular infiltrations the prominent lesions also reported from other parts of the world [43] . In the T. evansi-infected, but treated with isometamidium chloride, the chronic lesions were minimal and comprised of moderate form of pulmonary mononuclear cellular infiltration, mild forms of splenic haemosiderosis and depletion of lymphocytes at germinal centres. These decreases in lesions and their severities between untreated and treated animals can be explained first as due to reduced parasitaemia following treatment with isometamidium which is a standard trypanocides [12] . While the incomplete resolution of lesion may be due to T. evansi relapse as reported in camels treated using melarsenoxide cysteamine 4 months after the treatment [32] .
Conclusion
It was concluded that in experimental T. evansi infection in donkeys, gross and histopathological lesions, ranging from severe to moderate forms are pronounced in the acute and chronic stages of infection involving the thoracic and peritoneal cavities, lungs, spleen, heart, kidneys and liver of affected animals that do not get treatment. Donkeys treated with isometamidium chloride show relapsed parasitaemia, mild to moderate histopathological lesions in lungs and spleen in the chronic stage with no gross lesions.
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